Five Ag(I) complexes containing the ligands bis(imidazol-2-yl)methane (2-BIM) and its derivatives were prepared and [Ag 2 (2-BIM) 2 ](ClO 4 ) 2 and [Ag 2 (2-BIM(Bz)OH) 2 ](ClO 4 ) 2 Á EtOH were characterised using X-ray crystallography. In each dimer the two Ag(I) ions are two-coordinate and there are small but definite argentophilic Ag-Ag (d 10 -d 10 ) interactions. All of the complexes display anti-fungal activity when tested in vitro against the fungal pathogen Candida albicans.
Introduction
In our efforts to develop new metal complexes that would greatly inhibit the growth of the human fungal pathogen Candida albicans [1] [2] [3] [4] we have found that, to date, the most active drug tested in aqueous media is the Ag(I) complex [Ag(phendio) 2 ]ClO 4 (phendio ¼ 1,10-phenanthroline-5,6-dione) [5] . As part of these ongoing studies into the synthesis and in vitro testing of new metalbased anti-fungal drugs we report here the preparation of five Ag(I) complexes containing bis(imidazole) ligands. Bis(imidazol-2-yl)methane (2-BIM) and its derivatives ( Fig. 1) , in which the two imidazole rings are linked via a single tetrahedral carbon atom, can be viewed as primitive models for multi-histidine coordination in biological systems. Such bis(imidazole) ligands have been shown to form stable six-membered chelate rings with a variety of transition metals [6] [7] [8] [9] [10] [11] [12] , and the Pt(II) complex [Pt(2-BIM(Me)OH)Cl 2 ] (2-BIM(Me)OH ¼ bis(N-methylimidazol-2-yl)carbinol) [10] has been reported to exhibit notable antitumor activity.
Results and discussion
In the current study, AgClO 4 was reacted at room temperature with methanolic solutions of the five bis(imidazole) ligands shown in Fig. 1 to give the respective Ag(I) complex in moderate to good yield. The complexes were soluble in hot acetonitrile and DMSO and insoluble in water. The X-ray crystal structure of [Ag 2 (2-BIM) 2 ](ClO 4 ) 2 ( Fig. 2 and Table 1) showed the complex to be centrosymmetric, containing two Ag(2-BIM) þ units. The two metal ions are two-coordinate and have identical atoms in the plane of the chelating ligand. Using its two imine N atoms each 2-BIM ligand bridges the pair of Ag(I) ions. All four N atoms (N1, N4A, N4, N1A) are coplanar and the two imidazole groups in each 2-BIM ligand have an interplanar angle of 75.52(8)°. The two Ag(I) ions are only weakly interacting, the distance separating them being 3.2612 (4) A. (2) A). There are hydrogen bonding interactions along the a and b directions which link the units together in the lattice, forming sheets. However, there are no hydrogen bonds in the c direction, that is to say, between the sheets. There are some intermolecular p-p interactions involving the imidazole rings on adjacent dimer molecules and there is also evidence of some interdimer C-HÁ Á Á p interactions between neighbouring imidazole functions. A perspective view of the cell packing is shown in Fig. 3 Bond lengths ( A)
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ysis were unsuccessful. However, given the close similarities in the core structures of all five bis(imidazole) ligands the latter three silver complexes are thought to be essentially isostructural with [Ag 2 (2-BIM) 2 2 there is also the possibility of the pendant cyano groups participating in the bonding to the metal since Ag(I) has a high affinity for organonitrile donors.
In vitro anti-Candida studies
All of the metal-free bis(imidazole) ligands and the Ag(I) complexes were screened for their ability to inhibit the growth of C. albicans. The minimum inhibitory concentration (MIC) is the concentration of drug (expressed as lg of complex per 1 cm 3 of aqueous growth medium solution) required to totally inhibit the growth of the fungal cells at 37°C. As the complexes and the ligands were essentially water insoluble the tests were carried out as suspensions of the complexes in the aqueous growth medium. In addition, because the complexes were soluble in DMSO a series of anti-fungal tests were also conducted using DMSO/water solutions of the complexes (see Section 3). In all cases, the activity of the complexes were compared to that of a control system in which the cells were grown in the absence of any added complex or free ligand (under these conditions the fungal cell replication was rapid). In addition, under the present biological test conditions an aqueous suspension of the anti-Candida prescription drug ketoconazole had an MIC value of ca. 2.5 lg cm À3 . All of the metal-free ligands were found to be inactive against the fungal cells. As aqueous suspensions, the silver complexes were moderately active with MIC value ranges indicated in brackets: [ 
Experimental
Chemicals were purchased from commercial sources and, unless specified, were used without further purification. Literature methods were used to prepare 2-BIM [14, 15] , 2-BIM(Me) [7, 16] and 2-BIM(OH)Bz [17] . The preparation of the silver complexes was conducted in the absence of light and the samples were stored in the dark. Infrared spectra of solids (in a KBr matrix) were recorded in the region 4000-400 cm À1 on a Nicolet FT-IR Impact 400D infrared spectrometer and 1 H NMR spectra were run on a Bruker Avance 300 MHz instrument. Microanalytical data were provided by the Microanalytical Laboratory, National University of Ireland, Cork, Ireland.
2-BIM(CN)
Acrylonitrile (3.6 g, 67 mmol) was added to a mixture of 2-BIM (5.0 g, 34 mmol), and triethylamine (6.8 g, 67 mmol) in acetonitrile (150 cm 3 ). The reaction mixture was refluxed with stirring for 5 h. The solvent was removed under reduced pressure giving a white solid, which was recrystallised from acetone. Yield: 4.7 g (55%). Mp 170°C. Anal. Calc. C, 61.40; H, 5.50; N, (2) 3.0184(4) Ag(1)-O (11) 3.211(6) Ag(1)-O (13) 3.312 ( . Doubling dilutions of the stock solution were made using distilled water to yield a series of test solutions ranging in complex concentration from 20 to 1.25 lg cm À3 . The DMSO concentration (% v/v) in the test solutions ranged from 1.0% to 0.06% (note that a 2% DMSO aqueous solution, without added complex, does not inhibit the growth of the microorganism whereas a 3% DMSO aqueous solution will arrest cell growth totally). For the aqueous test suspensions and the aqueous-DMSO test solutions the complex/cell mixtures were incubated at 37°C for 24 h with continuous shaking and the assays were performed in triplicate. Plates were read using a Labsystems iEMS Reader MF (absorbance at k ¼ 540 nm) and data were statistically analysed.
X-ray crystallography
All of the data were collected at 150 K on a Bruker SMART 1000 diffractometer using Mo Ka radiation (k ¼ 0:71073 A). The structures were solved by direct methods and refined by full-matrix least-squares on F [18] and data collection and refinement details are summarised in Table 3 . 
